The mitochondrial control region /CR/ of 76 turbot specimens collected from the south and north Bulgarian and north Romanian regions of the west Black Sea coastal area was characterized. A total of 36 haplotypes were identified. Twenty-seven of these haplotypes were new and nine haplotypes were identical to previously reported Pmax haplotypes. The constructed haplotype parsimony network showed star-like phylogeny of the identified haplotypes, supporting the suggested Black Sea fish population bottleneck during the height of the last glacial period. The analysis of the haplotype sequences data did not provide clear indications on the existence of phylogeographic differentiation among the studied turbot populations inhabiting the west coast of the Black Sea. At the same time the haplotype phylogenetic analysis provided further support to the earlier proposed existence of two distinct turbot mitochondrial lineages, 'western Mediterranean' and 'eastern secluded Mediterranean basins'. The present study offers an essential background for long term monitoring of the changes of the Black Sea turbot populations.
Introduction
turbot, Psetta maxima (l.), is one of the most valuable species in the Black Sea (13) . in europe, the species inhabits wide coastal areas from the northeast Atlantic and Baltic Sea down to the Mediterranean and the Black Sea. the local turbot populations were studied using a wide range of morphological parameters, biochemical (3, 7, 18) and molecular markers (2, 11, 16, 20) . Several recent studies of natural turbot populations demonstrated a weak genetic structure among the populations from the northeast Atlantic and the low but significant genetic differentiation of turbot from the Baltic Sea (5, 12, 20) . taken together the results from these studies suggest that turbot populations are related to high gene flow rate combined with low level of adaptive polymorphisms and genetic differentiation for some coastal areas. An important result from the studies of turbot populations along the european coastal areas is the observed relatively low genetic variability in comparison to other flatfish species, suggesting historically closer bottlenecks along the turbot evolution (2, 16) . the earlier turbot studies, which were based on morphological characterization, proposed distinct differentiation between and within the studied population and existence of turbot sub-species (19) . however, Suzuki et al. (16) found no relation between morphotype variation in bony tubercles and mitochondrial genealogy. Within the same study the authors proposed that the Mediterranean turbot populations belong to two main genetically distinct lineages, 'western Mediterranean' and 'eastern secluded Mediterranean basins'.
So far the turbot populations inhabiting the Bulgarian Black sea coast have been assessed by regular catches, morphological characterization of the samples, stock biomass calculation and biochemical markers (7, 18) . employing more informative molecular markers will allow further opportunities for better assessment of the Black Sea turbot populations. the molecular marker application will allow more direct and better comparison of the turbot populations from the Black Sea to those of other coastal areas and will provide an essential tool for building of long term monitoring of the changes in the population structure. here we report analysis of the sequence variation of the mitochondrial control region (cR) of turbot specimens collected from various locations along the Bulgarian and north Romanian Black Sea coasts.
Materials and Methods

Sample collection
A total of 50 turbot samples were collected at 22 different locations from three main regions of the south and north Bulgarian and north Romanian Black Sea coasts ( Fig. 1 , Table  1 ). All samples were caught during the spawning season (June, 2010). Additional 26 samples, caught in the north Bulgarian coast region during April, 2010 were analyzed. tissue samples
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were taken from the pectoral fin and stored in 96% ethanol at 4°c until use. 
Molecular DNA methods
DNAs were extracted from 50 -100 mg fin tissue using the innuPReP Plant DnA Kit (Analytik Jena). the 5'-part of the mitochondrial control region /cR/ was PcR amplified for each sample using the PCR primers: L15924: 5'-AGctcAGcGccAGAGcGccGGtcttGtAAA (8) and h16498 5'-cctGAAGtAGGAAccAGAtG (10) and 2x PcR Master Mix (Fermentas). Following agarose gel electrophoresis, PcR fragments of approximately 550 bp were isolated from the gel using the GeneJet™ Gel extraction Kit (Fermentas). The purified DNA fragments were both strand sequenced using the same PcR primers, BigDye Terminator v3.1 cycle Sequencing Kit (Applied Biosystems) and run on a 3130 Genetic Analyzer (Applied Biosystems).
Data analyses
the obtained DnA sequences were edited using the Vector nti Advance 10 software (invitrogen) and subjected to BlAStn (1) searches at the GenBank/ncBi. the sequences were aligned, phylogenetic trees were constructed and Kimura 2-parameter genetic distances were determined using the MeGA 4.1 software (17) . the number of haplotypes, haplotype diversity and nucleotide diversity were calculated using the program DnA SP 5.10 (14) . the haplotype parsimony network was constructed applying the tcS v.1.21 program (4). the newly described sequences of turbot mtDnA control region were deposited in the GenBank under the accession numbers hq440013 -hq440039. 2) . the determined Kimura 2-parameter /K2P/ interhaplotype genetic distances ranged from zero to 0.017 (Se = 0.007), with an average value equal to 0.008 (Se = 0.002). the maximum and average values of the K2P genetic distance calculated for the studied haplotypes were significantly lower than those for the 'Pmax' set of turbot cR haplotypes reported by Suzuki et al. (16) , (K2P max = 0.044, Se = 0.011; K2P avr = 0.014, Se = 0.003). the 'Pmax' set resembles turbot samples collected from a geographically broader area including the Atlantic ocean, western and eastern Mediterranean and related seas. the calculated cR interhaplotype genetic distance in the studied Black Sea turbot populations is also much lower in comparison to those reported for the same mitochondrial region for other flatfish species, e.g. Dover sole (15) , Japanese flounder (6) and willowy flounder (21) . Despite the observed very low interhaplotype genetic distance the present study showed a high level of haplotype diversity with an average value of 0.47 (36 haplotypes for 76 analyzed samples) versus 0.42 (28 haplotypes for 66 turbot samples) for the Pmax haplotypes, Suzuki et al. (16) . the main reason is that the majority of the identified haplotypes originate from a small set of dominant haplotypes following single nucleotide substitution. the last is clearly demonstrated by the haplotype parsimony network presented in Fig. 2 . More than half of the identified haplotypes originate from the Pmax 13, 14, 15 and 16 haplotypes, which are found in higher frequencies and are common or present in more than one of the studied turbot populations ( Table 2) . the described haplotype network well correlates to the haplotype network reported by Suzuki et al. (16) , involving a backbone from the same common haplotypes. one of the impacts of the last glacial period (18000 -30000 years before present) in the Balkan region has been the isolation of the Black Sea basin and decrease of its water temperature. this most possibly has resulted in contraction of the fish genetic variability and population bottleneck due to reduction of the reproduction ability and isolation of the existing fish populations. considering the impact from the glacial period Magoulas et al. (9) proposed that following the retreat of ice from the region, the Black Sea has become a place of phylogeographic origin of rapidly expanding fish populations with low genetic diversity. the observed star-like haplotype phylogeny (Fig. 2) fully supports such evolution scenario for the Black Sea turbot. the rapid expansion of the Black Sea turbot population during the post-glacial period has resulted in emergence of a large number of minor haplotypes evolved through single mutations from a restricted set of dominant haplotypes of the turbots surviving the population bottleneck and/or post-glacial migrants from the eastern Mediterranean.
Results and Discussion
The habitats of the flatfishes including the turbot could be to a higher degree a subject of fragmentation, than those of pelagic species due to the specificity of the coastal substrates. Furthermore, the bottom dwelling behavior and swimming abilities of flatfishes generally restrict the adult migration area. All this suggests that the turbot populations along the west Black Sea coast may exhibit some degree of genetic differentiation among geographic localities. Additionally, earlier reports based on morphological and biochemical studies proposed that the Black Sea coastal area is possibly inhabited by different populations of turbot sub-species. to evaluate the possible presence of some phylogeographic structure in the studied turbot populations we further examined the phylogeny of the obtained cR haplotype sequences. Unrooted phylogenetic tree was constructed containing all cR haplotype sequences identified in the present study and CR sequences of haplotypes related to the 'western' turbot lineage reported by Suzuki et al. (16) (Fig. 3) . the 'western' lineage cR haplotypes derived from turbot samples originate from the european coastal areas of the Atlantic ocean and the western Mediterranean Sea. the constructed phylogenetic tree demonstrated clear separation between the clusters of cR sequences of the 'western' turbot lineage and those of the Black Sea coast identified in our study. this provides further support to the existence of two distinct turbot mitochondrial lineages proposed by Suzuki et al. (16) -'western Mediterranean' and 'eastern secluded Mediterranean basins'. At the same time the shift of the position of 'western lineage' haplotype sequence Pmax24, located between the two main clusters (Fig. 3) has to be pointed out. in the phylogenetic tree built by Suzuki et al. (16) , this sequence was located in the 'western lineage' cluster. in our tree the Pmax24 haplotype sequence is positioned intermediate between the two clusters, mainly due to the inclusion of haplotype sequence BSt6 which expands the range of the 'Black Sea/eastern lineage' cluster. the last suggests that further increase of the number of studied haplotypes from these turbot mitochondrial lineages may result in identification of more intermediate haplotypes eroding the lineage separation. important feature for the constructed phylogenetic tree is the reduced bootstrap values and especially for most of the nodes from the 'Black Sea' cluster. this is mainly a result of the high level of homology between the sequences from this cluster, most of which differ in a single nucleotide. the examination of the constructed phylogenetic tree did not provide clear signs of the phylogeographic differentiation among the studied turbot populations from the west coast of the Black Sea. Part of the haplotypes related to sampling locations from the south Bulgarian Black Sea coast form a sub-cluster, designated as 'south group'. Despite the observed trend of separation of the haplotypes derived from the south Bulgarian coast from the rest of the Black Sea haplotypes from our study, the clustering of these two haplotype groups is not decisive. the 'south group' sub-cluster contains haplotypes specific to other coastal areas and has a very low bootstrap value, as well. An interesting feature of the 'south group' cluster is that it involves minor haplotypes from the south Bulgarian coast, all of which evolve from the dominant Pmax13 haplotype through a single substitution. Further increase of the number of analyzed turbot samples from this region could provide more information on the rate of domination of the Pmax13 haplotype as a source of more recently evolved minor haplotypes. the observed lack of clear phylogeographic differentiation could be expanded for the turbot populations from other eastern Mediterranean basins studied by Suzuki et al. (16) . the phylogenetic tree constructed from the newly identified 'BST' haplotype sequences and 'Pmax' haplotype sequences affiliated to the 'eastern secluded Mediterranean basins' mitochondrial lineage reported by Suzuki et al. (16) (originated from Aegean Sea, Sea of Marmara, Black Sea and Sea of Azov) demonstrates, that the sequences from both groups are relatively uniformly distributed within the tree without phylogeographic clustering (data not shown).
the absence of distinct phylogeographic differentiation among the studied Black Sea turbot populations was also supported by the calculation of inter-and intra-group K2P genetic distances ( Table 3) . The results showed no significantly different levels of nucleotide diversity between the four studied groups, as well as in comparison to the average nucleotide diversity calculated within the groups. thus, although our study identified a relatively large number of haplotypes exclusive to each of the studied sample sets, the analysis of haplotype sequence data did not support the existence of phylogeographic structure in the turbot populations inhabiting the west coast of the Black Sea. The identified minor haplotypes, exclusive to the studied populations, represent a potentially large set of low frequency minor haplotypes recently evolved from a restricted number of dominant haplotypes following single nucleotide mutations. the comparison of the haplotype sets 'n1' and 'n2', corresponding to samples caught at the north Bulgarian coastal region provided further support of this ( Table 2) . the samples from these two sets were caught within the same north Bulgarian Black Sea coast during two close periods, April and June 2010. Despite the presence of several common haplotypes between the two sets (i.e. haplotypes BSt9, Pmax5 and Pmax19), the majority of the identified haplotypes are minor and exclusive to the analyzed sample set. the overall results of our study suggested that a well planned sampling scheme accounting for both the location and time point of sampling, as well as repeated sampling in selected locations is needed to have signs on the microscale phylogeographic differentiation and changes of the Black Sea turbot populations. the generated data and experimental procedures applied in this study could serve as basis for further application of high resolution and non-invasive approach for monitoring the turbot populations of the Bulgarian Black Sea coast. TABLE 3 Kimura 2-parameter distances between and within the studied populations. For 'intergroup -K2P' -the K2P genetic distance values are below the diagonal and standard error above the diagonal. R, n1, n2, S -turbot sampling groups.
Intergroup K2P
K2P within groups R N1 N2 S K2P S.E. R 0.0024 0.0022 0.0025 0.0072 0.0025 N1 0.0086 0.0023 0.0021 0.0098 0.0028 N2 0.0075 0.0089 0.0023 0.0081 0.0025 S 0.0081 0.0086 0.0084 0.0067 0.0024
Conclusions
A set of 36 haplotypes of mitochondrial CR were identified following characterization of 76 turbot samples of populations from three regions of the west Black Sea coast. the haplotype parsimony analysis showed star-like phylogeny of the haplotypes, which supported the earlier suggested Black Sea fish population bottleneck during the height of the last glacial period. the analysis of the haplotype sequences data did not provide clear indications of the existence of phylogeographic differentiation in the turbot populations inhabiting the west coast of the Black Sea. the haplotype phylogenetic study further supported the, existence of two distinct turbot mitochondrial lineages proposed by Suzuki et al. (16) , 'western Mediterranean' and 'eastern secluded Mediterranean basins'. the described data and employed methodology offer and could serve as an essential background for long term monitoring of the changes of the Black Sea turbot populations.
